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(54) PIEZOELECTRIC PORCELAIN COMPOSITION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
piezoelectric porcelain composition giving stabilized 



piezoelectric properties as a piezo-resonator and a 
vibrator material by developing a piezoelectric 
ceramic having a large frequency constant. 
SOLUTION: This piezoelectric porcelain composition 
is represented by the formula xNa(Nb1-aTaa)03-yK 
(Nb1-a-Ta1)03-zM(Nb1-aTaa)203 (M is at least one 
of alkaline earth metal where x+y+2z=1) and a, b, x 




and y in the formula are defined in the following £ 4 fl ^ _ o v" £ a — 

ranges: 0.0<a<0.5; 0.2<x<0.98, 0.0<y<0.78; 0.01 <z< 5 ~ 
0.4. At least one of compounds containing first row 
transition metal may be added to the composition so 
that its content becomes 0.01-1 .8wt.%. The 

piezoelectric ceramics obtained from the objective composition has a large frequency 
constant, a large mechanical quality factor and a good electromechanical coupling factor. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] an empirical formula — general formula:, when expressing by xNa(Nbl-aTaa) 03-yK 
(Nbl-aTaa) 03-zM (Nbl-aTaa) 206 (however, M at least one sort of alkaline earth metal and x+y 
[ +2 ], z= 1) The piezoelectric-ceramics constituent characterized by ax, y, and z in said general 
formula being in the range of 0.0<=a<=0.50.2<=x<=0.980.0<=y<=0.780.0K=z<=0.4, respectively. 
[Claim 2] an empirical formula — general formula: — the piezoelectric-ceramics constituent 
characterized by x in said general formula, and y, z and w being in the range of 
0.2<=x<=0.980.0<=y<=0.780.0K=z<=0.40.0K=w<=0.4, respectively when expressing by 
xNaNb03-yKNb03-zBaNb206-wSrNb 206 (however, x+y [ +2-Z+2 ],w=l, and z+w<=0.4). 
[Claim 3] The piezoelectric-ceramics constituent according to claim 1 or 2 which contained at least 
one sort of the compound containing the first transition metals in the range of 0.01 % of the weight - 
1.8 % of the weight of content. 

[Claim 4] The piezoelectric-ceramics constituent according to claim 3 whose compound containing 
the first transition metals is V205. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the piezo electric crystal porcelain constituent 
containing NbO (Na, K)3 in detail about an electrostrictive ceramics component and the piezo 
electric crystal porcelain constituent which serves as a piezo resonator and a radiator ingredient 
especially. 
[0002] 

[Description of the Prior Art] The multicomponent system piezoelectric material which dissolves to 
them the so-called PT system ceramics which uses PbTi03 as a principal component as a piezo 
electric crystal resonator ingredient conventionally and the so-called PZT system ceramics which 
uses Pb(Ti, Zr) 03 as a principal component, Pb(Mgl/3Nb 2/3) 03 [ for example, ], and Pb(Znl/3Nb 
2/3) 03 grade has been used. 
[0003] 

[Problem(s) to be Solved by the Invention] However, a common piezoelectric material has large 
specific inductive capacity, impedance matching cannot take it easily in a RF field, and there is a 
trouble of not being suitable in piezoelectric devices for RFs, such as a RF resonator and a radiator. 
With the PZT system ceramics, since the electromechanical coupling coefficient of thickness 
longitudinal-oscillation mode and the area oscillation mode is an almost equivalent value, in the RF 
component constituted using thickness longitudinal-oscillation mode, it has the fault of being easy to 
generate spurious one of the area oscillation mode. Moreover, since die dielectric constant of 
PbTi03 is as low as about about 200, it is easy to take the impedance matching in a RF band, and the 
coupling coefficient of the area oscillation mode is very smaller still as compared with the coupling 
coefficient in the thickness longitudinal-oscillation mode used for a RF piezoelectric device, and it is 
hard to generate spurious one of the area oscillation mode with the ceramics which uses PbTi03 as a 
principal component. However, since the crystal anisotropy of PbTi03 is large, it is difficult to sinter 
and dispersion on a piezo-electric property is [ that it is easy to generate a hole in electrostrictive 
ceramics ] large [ PbTiO ]. Moreover, the severe conditions of 5-10kV/mm needed to perform 
polarization processing at 150 degrees C, and it had the fault on manufacture of being easy to cause 
dielectric breakdown. In addition, in the conventional piezoelectric-ceramics constituent, there was 
much spurious ones by association in above-mentioned different-species mode, and it had had the 
bad influence on the piezo-electric property. 

[0004] Moreover, in the piezoelectric material of lead systems, such as PZT, the frequency constant 

is 2000 Hz-m extent, for example, if it is going to obtain a component with the resonance frequency 

of 10MHz, when using thickness vibration, it needs to make the thickness thin to about 0.2mm, and 

it has the problem that processing becomes difficult. Therefore, in order to manufacture the piezo 

resonator which was excellent in the property of a RF property, and a radiator ingredient, it is 

required to develop the large electrostrictive ceramics of a frequency constant. 

[0005] While this invention solves this trouble, being stabilized as a piezoelectric material for RFs 

and acquiring a piezo-electric property, manufacture aims at offering an easy piezoelectric-ceramics 

constituent. 

[0006] 

[Means for Solving the Problem] In order to attain said purpose, the first piezoelectric-ceramics 
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constituent of this invention an empirical formula — general formula:, when expressing by xNa(Nbl- 
aTaa) 03-yK(Nbl-aTaa) 03-zM (Nbl-aTaa) 206 (however, M at least one sort of alkaline earth 
metal and x+y [ +2 ], z= 1) ax, y, and z in said general formula are characterized by being in the 
range of 0.0<=a<=0.5, 0.2<=x<=0.98, 0.0<=y<=0.78, and 0.01<=z<=0.4, respectively. M permutes 
at least one sort in alkaline earth metal, or its part with other alkaline earth metal more than a kind 
here. 

[0007] Next, when the second piezoelectric-ceramics constituent of this invention expresses an 
empirical formula by general formula:xNaNb03-yKNb03-zBaNb206-wSrNb 206 (however, x+y 
[ +2-Z+2 ], w= 1, and z+w<=0.4), x in said general formula, and y, z and w are characterized by 
being in the range of 0.2<=x<=0.98, 0.0<=y<=0.78, 0.01<=z<=0.4, and 0.01<=w<=0.4, respectively. 

[0008] In said configuration, it is desirable to contain at least one sort of the compound with which a 
piezoelectric-ceramics constituent contains the first transition metals in the range of 0.01 - 1.8 % of 
the weight of content. The first transition metals mean the element to 21Sc-29Cu here. In said 
configuration, it is desirable that the compound containing the first transition metals is V205. 
[0009] 

[Embodiment of the Invention] According to the first piezoelectric-ceramics constituent of said this 
invention, an empirical formula General formula:xNa(Nbl-aTaa) 03-yK(Nbl-aTaa) 03-zM 206 
(Nbl-aTaa) (- however, M, when expressing by at least one sort of alkaline earth metal, and x+y+2 
and z=l) When ax, y, and z in said general formula are in the range of 0.0<=a<=0.5, 0.2<=x<=0.98, 
0.0<=y<=0.78, and 0.01<=z<=0.4, respectively A new piezoelectric-ceramics constituent with a 
large mechanical quality factor is realizable by using as a principal component large electrostrictive 
ceramics of a frequency constant, and NaNb03 system electrostrictive ceramics which is a piezo 
electric crystal porcelain constituent without a possibility of producing the problem on an 
environment especially. It becomes possible to manufacture easily the piezo resonator and the charge 
of radiator material for RFs. 

[0010] Next, when expressing an empirical formula by general formula:xNaNb03-yKNb03- 
zBaNb206-wSrNb 206 (however, x+y [ +2-Z+2 ], w= 1, and z+w<=0.4) according to the second 
piezoelectric-ceramics constituent of this invention, When x in said general formula, and y, z and w 
are in the range of 0.2<=x<=0.98, 0.0<=y<=0.78, 0.01<=z<=0.4, and 0.01<=w<=0.4, respectively A 
new piezoelectric-ceramics constituent with a large mechanical quality factor is realizable by using 
as a principal component large electrostrictive ceramics of a frequency constant, and NaNb03 
system electrostrictive ceramics which is a piezo electric crystal porcelain constituent without a 
possibility of producing the problem on an environment especially. It becomes possible to 
manufacture easily the piezo resonator and the charge of radiator material for RFs. 
[001 1] Moreover, according to the desirable example of this invention of containing at least one sort 
of the compound with which a piezoelectric-ceramics constituent contains the first transition metals 
in the range of 0.01 - 1.8 % of the weight of content, the degree of sintering of piezo electric crystal 
porcelain and a piezoelectric improvement are found, and a mechanical quality factor high as a 
piezoelectric device for RFs is obtained. Moreover, according to the desirable example of this 
invention that the compound containing the first transition metals is V205, it is precise, the piezo 
electric crystal porcelain excellent in piezoelectric is obtained, and a suitable ingredient is obtained 
by the piezoelectric device for RFs. 
[0012] 

[Example] This invention is concretely explained using an example below. Weighing capacity of the 
piezoelectric-ceramics constituent of this example was carried out so that the electrostrictive 
ceramics finally obtained, using NaC03, KC03, BaC03, SrC03, MnC03, V205, Nb205, and 
Ta205 as a start raw material might serve as a predetermined compounding ratio shown in Tables 1- 
3, and it was enough mixed so that it might become homogeneity with a ball mill about these. Next, 
temporary quenching was carried out at 800-900 degrees C for 2 hours, the ball mill ground the 
formed compound again, and it corned using binders, such as polyvinyl alcohol (PVA). 1 shaft press 
forming of this powder was carried out to the disk with a diameter of 13mm by the pressure of 
70MPa(s), and it was calcinated at 1050-1200 degrees C for 4 hours. After grinding this disk sample 
in thickness of 0.3mm, Ag could be burned at 700 degrees C, electrode attachment was performed, 
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2-5kV [/mm ] electric field were impressed into 150-degree C silicone oil after that, polarization 
processing was performed for 30 minutes, and electrostrictive ceramics was obtained. The 
presentation of the examples 1-34 which are examples which combined NaNb03, KNb03, and 
BaNb206 grade is shown in Tables 1-2 with the data of the piezo-electric property. An example 35 
is an example which permuted a part of Nb by Ta, and is an example which replaced a part of Ba 
from calcium. The data of the presentation and piezo-electric property are shown in Table 3. epsilonr 
is [ the coupling coefficient in the direction breadth mode of the diameter of a disk and kt of specific 
inductive capacity and kp ] the coupling coefficients in thickness longitudinal-oscillation mode. Qm 
is a mechanical quality factor. Np is the frequency constant in the breadth mode of the direction of a 
path. 
;0013] 
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[Table 2] 
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[0015] 
Table 3] 
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[0016] In addition, it is shown in Table 4 for a property comparison, using the example outside the 
presentation range of this example by the Prior art as the examples 1-6 of a comparison. The 
examples 1-6 of a comparison are examples of the presentation which does not contain the BaNb207 
grade. 

0017] 
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[0018] If the piezoelectric-ceramics constituent of examples 1-35 is used so that clearly from Tables 
1-3, a frequency constant and a mechanical quality factor are large, and an electromechanical 
coupling coefficient is also good. When the presentation of only NaNt>03, KNb03, and BaNb 206 
of the constituent 2-4 of this example, for example, examples, and 11, 13, 21 and 22 was shown in 
the 3 yuan composition diagram of drawing 1 , the good result was obtained in the field enclosed 
with a slash. Similarly, when the presentation of the constituent 16, 19, 23-32 of this example, for 
example, examples, of only NaNb03, KNb03, and (Ba0.8Sr0.2) Nb 206 was shown in drawing 2 , 
the result good in the field enclosed with a slash was obtained. Therefore, the piezo resonator and the 
charge of radiator material for RFs can be manufactured easily. On the other hand, the example of a 
comparison is not enough as a mechanical quality factor. 
[0019] 

[Effect of the Invention] According to the piezoelectric-ceramics constituent by this invention, a 
frequency constant is large and a mechanical quality factor is large, and since an electromechanical 
coupling coefficient is also good, it is suitable as a piezoelectric material for RFs, and useful as an 
ingredient for the resonator for RFs, and radiators, as explained above. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The 3 yuan composition diagram showing the presentation ratio of the example of the 
piezoelectric-ceramics constituent of this invention. 

[Drawing 2] The 3 yuan composition diagram showing the presentation ratio of the example of the 
piezoelectric-ceramics constituent of this invention. 

[Translation done.] 
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DRAWINGS 



[Drawing 1] 
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